Let G = (V (G), E(G)) be a connected graph. A subset S of V (G) is a total dominating set of G if every vertex of G is adjacent to some vertex in S.
Introduction
Let G = (V (G), E(G)) be a simple connected graph. The neighborhood of v ∈ V (G) is the set N G (v)= {x ∈ V (G) : xv ∈ E(G)}. A set S ⊆ V (G) is a dominating set of G if for every v ∈ V (G)\S, there exists u ∈
S such that uv ∈ E(G), that is, N G [S] = V (G). The domination number of G, denoted by γ(G), is the smallest cardinality of a dominating set of G. Any dominating set in G of cardinality γ(G) is referred to as a γ-set of G. A subset S of V (G) is a total dominating set of G if for every v ∈ V (G), there exists x ∈ S such that xv ∈ E(G). It is a locating set in G if N G (u) ∩ S = N G (v) ∩ S for every two distinct vertices u and v of V (G) \ S.
A locating subset S of V (G) which is also a total dominating set is called a locating total dominating set (LTDS) in a connected graph G. The minimum cardinality of a locating set in G, denoted by ln(G) is called the locating number of G. The minimum cardinality of a locating total dominating set in G, denoted by γ LT (G) is called the locating total domination number of G. Any LTDS of cardinality γ LT (G) is referred to as a γ LT -set of G.
Total domination in graphs and other types of domination are found in the book by Haynes et.al. [4] . The concepts of locating set, locating total dominating set and the associated parameters are studied in [1] , [2] , [3] and [4] .
Realization Problems
We begin this section by considering a remark. Let the path P a =[x 1 , x 2 , ..., x a ] and let G 1 be the graph obtained from P a by adding the vertices z i and edges x i z i for i = 1, 2, ..., a (see Figure 1) . Then, the set {x i : i = 1, 2, ..., a} is a γ-set, γ t -set, and γ LT -set of G 1 . Thus, γ(G 1 ) = a, γ t (G 1 ) = b, and γ LT (G 1 ) = c. • 
Remark 2.1 For any connected graph G of order n,
2≤ γ(G) ≤ γ t (G) ≤ γ LT (G) ≤ n.
Remark 2.2 For any connected graph G of order n,
2≤ γ(G) ≤ γ L (G) ≤ γ LT (G) ≤ n.• • • • • z 1 z 2 z 3 z 4 z a−1 z a x 1 x 2 x 3 x 4 x a−1 x a . . .
Case 2. a = b < c
Let G 2 be the graph obtained from G 1 by adding the vertices y j and edges x a y j for j = 1, 2, ..., c − a (see Figure 2) . Then, the set A = {x i : i = 1, 2, ..., a} is a γ-set and γ t -set of G 2 , and B = A∪{y j : • • 
. •
. . . • 
, and the set • Proof : Consider the following cases:
Let H 1 be the graph obtained from G 1 in Figure 1 by adding the edges z i z i+1 for i = 1, 2, ..., a − 1 (see Figure 7) . Then, the set {x i : i = 1, 2, ..., a} is a γ-set, γ L -set, and γ LT -set of • Let C
1 ] be an ith cycle of order 5 and let H 3 be the graph obtained from C by an edge for i = 1, 2, ..., c − b − 1 (see Figure 9) . Let 2c = a + 2b. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . •
. . . . Hence, p = c and xz ∈ E(G). Thus, p ∈ T z for some z ∈ N G (x). Therefore, (i) holds.
Next, let x ∈ V (G). If T x is locating, then we are done. Suppose that T x is not locating. Let p, q ∈ V (H)\T x such that p = q and N H (p)∩T x = N H (q)∩T x . Let B = {x} × (N H (p) ∩ T x ). Then, N G H ((x, p) ) ∩ C = B ∪ {(u, p) ∈ C : u ∈ N G (x)} and N G H ((x, q) ) ∩ C = B ∪ {(u, q) ∈ C : u ∈ N G (x)}. Since C is locating, there exists u ∈ N G (x) such that p ∈ T u or q ∈ T u , that is, (ii) holds. Now, let x, y ∈ V (G) such that x = y. Consider the following cases. Let x and y be distinct adjacent vertices in G and let p and q be distinct adjacent vertices in H such that p / ∈ T x and q / ∈ T y . Since (x, p), (y, q) / ∈ C and C is locating, (iv) holds.
For the converse, assume that (i), (ii), (iii) and (iv) hold. Suppose (x, p) ∈ V (G H). T z ), then N G H ((x, p)) ∩ C = N G H ((y, q)) ∩ C.
Next, suppose that N G (x) = N G (y). By (iii)(b), there exists c ∈ T x ∪ T y such that pc ∈ E(H). Hence, (x, c) ∈ N G H ((x, p)) ∩ C \ N G H ((y, q)) ∩ C or  (y, c) ∈ N G H ((y, q)) ∩ C \ N G H ((x, p) ) ∩ C. Subcase 2. Suppose p = q.
If p and q are not adjacent, then by (i), there exists z ∈ N G (x) such that p ∈ T z . Hence, (z, p) ∈ N G H ((x, p) ∩ C \ N G H ((y, q) ) ∩ C. Suppose p and q are adjacent. If x and y are not adjacent, then by (i), there exists w ∈ N G (x) such that p ∈ T w . Thus, (w, p) ∈ N G H ((x, p)) ∩ C \ N G H ((y, q) ) ∩ C. Suppose xy ∈ E(G). Then by (iv), assume first that p ∈ (
Therefore in any case, N G H ((x, p)) ∩ C = N G H ((y, q)) ∩ C. Accordingly, C is a locating set of G H. Thus, C is a locating total dominating set of G H. ({x} × T x ) is a locating total dominating set of G H. Hence,
